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ABSTRACT 


1/9-24.12 and 1/10-19.35. In general, the minimum core volume will be obtained by 
following a three step process: 1) select a surface for the high pressure side having the 
minimum plate spacing commensurate with cleaning constraints; 2) list all other available 
surfaces with plate spacings nearly equal to the selected high pressure side plate Spacing (i.e. 
b,/b,=1.0); 3) select from this list the surface with the minimum hydraulic diameter for use 
on the low pressure side. 
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NOMENCLATURE 


Definition 
thickness of plate separating heat exchanger sides 


heat transfer area of base surface which includes the 
effect of fins; equals length times heated perimeter 


minimum free flow area 

flow area ignoring any fins 

total heat transfer area 

plate spacing 

specific heat 

nominal diameter; defined by (1b) 

friction factor based on total area (A4); defined by (4a) 
friction factor based on base area (A,); defined by (4b) 
conversion factor (= 32.174 lb, -ft/lb,-sec”) 


mass flux based on minimum free flow area; defined 
by (2a) 


mass flux based on free flow area (Ap); defined by 
(2b) 


heat transfer coefficient based on total area (A4); 
defined by (5a) 


heat transfer coefficient based on base area (A,); 
defined by (5b) 


Colburn j-factor based on total area (A,); defined by 


- (ба) 


Colbum j-factor based on base area (A,); defined by 
(6b) 


thermal conductivity of heat exchanger metal 


y-axis intercept of "new best-fit" line with slope = -s; 
defined by (16b) 


y-axis intercept of "new best-fit" line with slope = -s; 
defined by (16a) 


fin length from root to center (=b/2) 
component of fin efficiency (n,); defined by (9) 


component of core volume formula derived according 


‘to pressure drop considerations; defined by (26) 


heat transfer rate 
heat flux 


nit 
ft 
fê 


ft 

f 

Че 

ft 
Btu/lb,,-°F 
ft 


Ib, /hr-fc 
Ib, /hr-f 
Btu/hr-ft?-°F 


Btu/hr-ft-^F 


Btu/hr-ft-°F 


ft 


ft? -2S) 


Btu/hr 
Btu/hr-ft? 





Q component of core volume formula derived according 445%) 
to heat transfer considerations; defined by (34) 


r correlation coefficient 
I, hydraulic radius; defined by (1a) ft 
R gas constant ft-Ib/Ib-"F 
5 average slope of all best-fit lines through j, and f, vs. 
Re, data points 
1 temperature БЕ 
U overall heat transfer coefficient Btu/hr-ft?-"F 
V volume ft 
X heat exchanger width ft 
(ХУ) heat exchanger frontal area f 
Y heat exchanger height ft 
2. heat exchanger length ft 


DIMENSIONLESS GROUPS 


Pr Prandt! number 

Re Reynolds number based on minimum free flow area 
(А.); defined by (3a) 

Re, Reynolds number based on free flow area (Ap); 


defined by (3b) 


SUBSCRIPTS 

n denotes a parameter modified according to Soland’s 
-method [2] 

1,2 indicates different sides of heat exchanger 





MISCELLANE 


а 


B 


Š 
ŠT 
AT 


gor a 


ratio of total area on one side of the heat exchanger to 
total volume of the heat exchanger; defined by (17) 


ratio of total heat transfer area on one side to the 
volume on that side 


fin thickness 

temperature difference; as shown in Figure 5 
temperature difference; as shown in Figure 5 

friction pressure drop 

heat exchanger effectiveness 

fin efficiency; defined by (8) 

total surface temperature effectiveness; defined by (7) 
ratio of free flow area to frontal area; defined by (19) 
viscosity 

density 


mass flow rate 


fo 
я! 


ft 
°F 
°F 
lbyftz 


Ib, /hr-ft 
Ib, /ft 


Ib, /hr 
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I INTRODUCTION 

When designing gas turbine regenerators for a given application, often the goal is to 
minimize volume. In the past, methods for sizing counterflow plate-finned regenerators were 
iterative and methods for selecting the optimal (minimum core volume) surface pair were 
complex and iterative in nature [1]. In this paper, an approximate closed-form solution for 
the sizing problem is derived and a set of criteria for choosing the optimal surface pair is 
presented. After the surfaces on each side have been selected, the final sizing and design 


must be re-calculated using the method of Kays-London [1]. 





2 BACKGROUND 

Kays and London [1], hereafter denoted as K-L, present data for many plate-finned 
surfaces in terms of heat transfer coefficients, h, and friction factors, f, referred to the 
exposed area, A, as a function of Reynolds number, based on the minimum free-flow area, 
A,. Soland et al [2] present a method which converts these h and f magnitudes to the base 
plate area, A,. Table 1 shows Soland's definitions of the various quantities compared with 


the definitions used by K-L. 


Table 1. Definitions 


Kays and London [1] Soland [2] 


hydraulic 
diameter or radius 


Reynolds number г 
- ВЕ = 


H 
"| uL: 5 7 (Ap)D.(2p8.) en 
ZG: 4ZG; 


heat transfer | qm, A+ qA, 


h= AT (5a) h,= AT (5b) 


Colbum j-factor Н 
"Ср 


The efficiencies are defined by (7), (8), and (9). 


coefficient 





8 == (7) 
tanh(mL,) 

ами 1 8 

5 (mL,) (8) 








2h 


Sk (9) 


3 
И 


Below is a pertinent excerpt from Soland’s paper: 
The effect of the fins is included in the new h, and f, based on A,. 
Further, the new Reynolds number, Re,, is based on the open flow, 
Ag, as though the fins were not present. This requires that the metal 
conductivity of the fins be specified in incorporating the effect of the 
fins into h,. 


Note from Figure 1, D, = 2b for a rectangular parallel plate passage. 


V  XZb 
=? В лака 

e о 
A, =2xZ Стар 
V=XZb 


Figure |. Sample Calculation of Nominal Diameter and Mass Flux for Rectangular Flow Passage 
To convert the data of K-L to Soland’s basis, the following ratios can be obtained from the 
definitions, (1) through (9), and Figure 1. 


A, 2X7 2 
о > 10 
i DONE eu 


where 





_ Ат 2 
= м = di) 


The other ratios are: 














Ar_XZb_ 1 5 
ДИЛАН s, (12) 
G A. 

en (13) 
Re, D, G, Bb 

Re 1С, 2 с) 
fa _ArArGe _ b (15 
Лас ор: 
о ТС, Пов 
J) т ши 


These ratios are used to convert K-L data to the modified j, and f, vs. Re, curves 
obtained by Soland. Two assumptions are necessary to solve for the proper fin efficiency, N, 
required for the conversion. The heat exchanger in this study is constructed from steel (k = 
12 Btu/ft-hr-*F) and the gas properties are evaluated for air at 750°F. Figure 2 shows the two 
pairs of curves on both bases for a typical K-L surface, namely their 3/16-11.1 plate-finned 


surface, Figure 10.44 of reference [1]. 





Friction factor 


Colburn j-factor 


1.0E-01 


1.0E-0 


1.0E+02 





1.0E+03 1.0E+04 


Reynolds Number 


Figure 2. j and f vs. Re; j, and f, vs. Re, for Surface 3/16-11.1 
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3 DERIVATION OF SIZING METHOD 
Several preliminary steps are necessary before deriving the sizing method. First is the 
key approximation of fitting straight lines through the modified K-L data points, j, and f, vs. 


Re,. These lines have the functional relationships: 

DN RES (17a) 
and 

— (17b) 
where K, and K, are y-axis intercepts and -s is the slope of the line on a log-log plot. The 
values for s, K,, and K, are determined using a linear regression routine. A "best-fit" line is 
found for each surface's j, and f, vs. Re, data points. Tables 2a and 2b list the slopes of these 
best-fit lines with the associated correlation coefficient, r (defined in reference [3]), for each 
of the 26 K-L surfaces examined in this study. Generally, the j, and f, vs. Re, data are well 
represented by straight lines as evidenced by the fact that all correlation coefficients are 
greater than 0.93. Figures 3a and 3b are histograms of the slopes for j, and f, vs. Re, for all 


surfaces considered by this paper. By averaging the slopes from Tables 2a and 2b, the value 


to be used for s in (17a) and (17b) is found to be 0.46. 





Table 2a. j, vs. Re, 


Surface Name Plate Nominal 
name from used in Spacing, Plate slope K, 
K-L [1] Fig. 6 b Spacing 


1101935 | 59 | 0063 | оо |-оява | 0.999 | 1.069 
102412 | ss | oos | __ 
A TO 
зала [1л | 00208 | 
эвил | us | oos | 
мент | is || 00208 1 
ил _______вог | 0028 | 
ae | cæ f oo% | 
ham | Pos | 00275 | 
Bosr [ рю | 0097 | 
(834% | wa | oos 
изле | №26 | 0045 | 
ваза | 55 | 0046 | 
| 0.0392 
.989 


Note: The intercept K; is determined for the average slope equal to -0.46. 












Table 2b. f, vs. Re, 


Surface ЕЯ Nominal 
name from Used in 3pa me. a 
Brig“ | Fi Spacing 
110494. | 52 | 
K s 0.006 
اا‎ u _. 
ON 
34-111 | 121 | 00208 _ 
38-111 | їз || 00208 | 
316-11... | Li5 | 0028 | 0.021 
ma | 204 | 0028 | 


12-14 | 12 | 0.0208 | 
a ا‎ 


A N 00261 | 
пато | Pos || 00275 | 0028 





































Low | os [sss | 
Los [um [sur] 






























оз | rio 00287 | 
ШЕ а 
IE а 
17838W | war | oo | 
рање | wo | 0035 | оом 
вза [sas [| 0056 | 
1508 | ro | 0058 | 
m 
hin | po | 00400 | 0040 
hea RET 
20 | P12 | 9065 | осы 


зы | Різ | 00625 | 
903 | Po | 208. 


Note: The intercept K, is determined for the average slope equal to -0.46. 
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With s thus determined, the j, and f, vs. Re, data for each surface is revisited. This time, 
"new best-fit” lines are determined but the slopes of the lines are fixed at s equal to 0.46 for 


all surfaces. A plot of this kind is included for the typical surface 3/16-11.1 as Figure 4. 


1.0E+02 


Kf 
1.0E+01 





m KJ 
= Q 
о = 
З g 1.0E+00 
c 
$5 за 
9 B e 
52 _ 

Bc 
— 
SS slope = -0.46 fn 
~ 
1.0E-01 p 
ES 


EN со: ЖЫ RS АЙ 
1.0E-02 ци 


1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 
Reynolds Number (Ren) 


Figure 4. Surface 3/16-11.1 "New Best-Fit" Line (slope = -0.46) 

The y-axis intercepts, K; and Ку, for surface 3/16-11.1 are shown graphically on Figure 4. 
The intercepts of the new best-fit lines for the other surfaces are listed in Tables 2a and 2b. 
For the surface 3/16-11.1, the average error between the new best-fit line (slope equal to 
-0.46) and the f, data points is 2% and for j, is 1%. For a discussion of the method used to 
calculate the average error and for plots similar to Figure 4 for the other surfaces, see 
Appendix A. 

Next, define two heat exchanger core geometrical parameters, ot and С, 


Аһ E. 2 2 


rr 18 
" DENN Eb ма, 





TV 


18 





== 2 


(‚> = ETE im за, (18b) 


Note that in (18a) and (18b) the heat transfer resistance of the plate (thickness = a) separating 
the two sides of the heat exchanger is considered negligible and therefore the "2a" term is 


dropped. The other geometrical parameter is: 








к Ж А 19 
ЕТЕ) ЬЬ, > 
= Ар; b, 
SU ECCE, (19b) 


The mass flux, G, and Reynolds number, Re, can be written in terms of these geometrical 


parameters as: 


Е Бо 20 
Ts s ir" am УВО dd 


R SU za 28 СМ а +) (21) 
ед 三 
E A y en 





with similar results for G,, and Rep. 

The remaining preliminary step is to specify the operating conditions for which the 
regenerator will be sized. For this study, side one of the regenerator is the cold, high pressure 
side. The mass flow rates are assumed given and equal on both sides: 

о, = о» = 108.7 Ib /sec 
The other given conditions are: 

inlet pressures: p, = 268.14 psi; p, = 16.04 psi 

allowable combined pressure drop: Х(Ар/р) = 0.08 

inlet temperatures: Tin = 1012.6°R; Ty, = 1434.2°R 


effectiveness: £, = Є, = 0.90 
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Note that with the inlet temperatures and the effectiveness specified, it is a simple task to 
compute the outlet temperatures and the average temperatures on both sides, T, and Т,. 
Having completed the above preliminary steps, it is now possible to derive the 
approximate closed-form formula for sizing a counterflow regenerator. The derivation 
consists of three steps. First, the heat exchanger core size (X,Y, and Z) is found as a function 
of the allowable pressure drop. Step two finds the core size based on heat transfer 
considerations. In step three, the equations resulting from steps one and two are solved 
simultaneously to yield the formula for core volume. 
STEP 1. From (4b), the pressure drop equation can be written as: 
Ар абе. c 
рі Pı(2P180)Dnı 
Substitute for f, using (17b), use Z, = Z, = Z for counterflow arrangement and substitute for 


2b, = D, from Figure 1: 


Ap, _4KpResi Z Gu 





(23) 
рі Pip, 25128 
Substitute for G, from (20) and Re, from (21) and rearrange: 
A DR, Zu, j БЕ: 
тз л. ES (14 byb, ) (24a) 
D pipig, Qi) (XY) 
Similarly, 
А ок Zus Е 
а аз (1+ S (24b) 
P2  P2P280(2b),) (XY) 


Combining (24a) and (24b) and letting hi = hz = H. 
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Ар Ар А 
y Ре 
P Pi Pr 


Qe O a т 
2, ((Х7) рок“ P2p2(2b,)°*' 





Define the heat exchanger size in terms of pressure drop as P: 


arae" 


P= 
7 


Substituting p = RT/p from the ideal gas relationship, then from (25) and (26): 


28 Ka a 8 
n (RBB sf el) Az | 
де 22 (26) Ка pi) Tib, 


STEP 2. The heat transfer rate equation from [4] is: 











q=UA,(AT) 

where 
1 1 1 
三 + 

UA, \Л„А„), (А.А), 
Егот (6Б): 

A с.б, 

1, ЕЛДЕ с (Pr, ул 


Substitute for j,, using (17a): 


h 


< Ка — „Кел С 
(Pr у 


Substitute for G, from (20), Ве, from (21), let Pr = Pr = Рг, с, = ср = c, and rearrange: 








1 „23 (XY) ES 1 b, 1-5 Б 
ү с; [e ep UK, bib; = 
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(25) 


(26) 


(27) 


(28) 


(29) 


(30) 


(31) 


(32a) 





Similarly， 





| PRP? e П А 
no с, | 而 “ee на (2b,) (32b) 


Combining (32a) and (32b) with (28) and (29) and using: 


2(ХҮ2) 


Ар = о (КЕ = 
a (bi +b) 





from (18), then: 





AT (b +b;)Pr?? | b, 


1-5 
А 2b y 4 
SANA zx С 


ae 
d (2b,) ) (33) 
Define the heat exchanger size in terms of heat transfer as Q: 
О=(ху)2 (34) 
Then substituting (33) into (34) and rearranging: 


о жир Г ь ды” (ы оу (35) 
_ 2(АТ)с, 0) Зи ЦБ +b ) K, bib) K 


J J 











Make the substitution q = @c,ÖT (where the relationship between AT and OT is shown in 


Figure 5) and rearrange: 


8Т ар, Бр“ БР, Ка» 
та чет || сосе || Маро | || ae 到 36 
Q Ë и? обе; b, Код ( ) 


STEP 3. The definitions for P (26) and Q (34) provide two equations for the two 
unknowns, (XY) and Z. Solving these simultaneously, the closed-form solution for the heat 


exchanger core volume is: 


1-5 3-5 
2 


V=P’Q (37) 
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Temperature 


Те 





Heat Exchanger Length 


Th 


Th,out 一 
Р Тесіп 


2 


Figure 5. Definition of AT and ôT for a counterflow heat exchanger with (ос), = (ос), 
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J ANALYSIS AND RESULTS 

Examination of (27), (36) and (37) reveals that for a given set of operating conditions 
(such as those previously described), if the surface on side one is specified then the volume 
of the heat exchanger is such that: 

-1 
yay В , E , (E) , Operating conditions (38) 
Using the design conditions previously specified and the typical surface 3/16-11.1 on side 
one, heat exchanger volumes are calculated for this surface paired with every other surface. 
The results are shown in Table 3. Appendix B includes tables similar to Table 3 for all the 
other surfaces on side one. Of the 600 surface pairs examined, the combination of 1/9-24.12 
on side one with 1/10-19.35 on side two results in the minimum heat exchanger core volume. 

As shown in Tables 2a and 2b, the 26 K-L surfaces included in this study are divided 
into six nominal plate-spacing groups. The volumes from Table 3 are grouped by nominal 
b,/b, ratio and then each group is graphed as a function of K,/K,,. Lines of constant K/K; 
are also plotted. For the typical surface 3/16-11.1, plots for five nominal b,/b, ratios are 
included as Figures 6a through 6e. From these figures it is apparent that volume is 
minimized when K,,/K,, is minimized, K,/K,, is maximized, and b,/b, is approximately опе. 
A pair of “ideally designed" surfaces would meet these criteria and result in the minimum 
core volume. 

As a practical matter, surfaces similar to these studied here are not designed to be 
paired so as to result in optimal ratios of Kj/K; and Kj/Kj,. Rather, when designing a 
surface the geometrical parameters such as plate spacing, fins/inch, (hydraulic diameter), and 
fin thickness are varied. Then the heat transfer and friction characteristics of the surface are 
experimentally determined. For this reason, the behavior of real surface pairs must be 


studied. 
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From the data in Table 3 (and the data in Appendix B for other side one surfaces) a 
relationship can be developed between heat exchanger volume, hydraulic diameter, and plate 
spacing ratio. Figure 7a is a plot of heat exchanger volume versus hydraulic diameter when 
the typical surface 3/16-11.1 is on side one. Six nominal plate spacing ratios are plotted. 
From this figure, it is seen that increasing hydraulic diameter results in larger volume. 

The same volumes from Table 3 are plotted in Figure 7b but this time as a function of 
plate spacing ratio. The relationship between increasing hydraulic diameter and larger 
volume is clearly shown in this graph. An additional result that can be seen from this figure 
is that for comparable hydraulic diameters and plate spacing ratios, interrupted fin surfaces 
generally result in smaller volumes than continuous fin surfaces. Also, although the curves 
of volume versus plate spacing ratio are relatively flat for any range of hydraulic diameter, 
Figure 7b generally confirms the result from Figure 6 that minimum volume occurs when the 
plate spacing ratio is near one. Figures 8a, 8b and 9a, 9b show results similar to Figure 7 for 
other surfaces on side one. Figure 8 has surface 1/9-24.12 on side one. This is the side one 
surface which results in the minimum heat exchanger volume. Figure 9 has surface 


17.8-3/8W on side one. This is the surface that Soland determined to be "best" [2]. 
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Table 3. Side One: 3/16-11.1 


Erk a TE e ae как, | 
Designation | (ft) | (f) b,/b K, Ка 
378-111 | 001012 | 3779 | 10 | 093 | 078 | 
0.55 
0.80 





| 955 | 

| ово | 

3/16-111 _| 001012 | 3858 | 10 | roo | 100 | 
ia | ооо | 4607 | 10 | 050 | 028 | 
081 | 064 | 
0.00514 


144-487 | 00106 | 4353 | 17 | 161 | 231 | 
18452 | 000868 | 4290 | 17 | 191 | 322 | 







Шу | 001153 | 4392 | 19 | 109 | 060 | 
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Figure 6a. Volume vs. K,/K4. Side One Surface 3/16-11.1: b,/b, = 1.0 


1.0E-01 1.0E «00 1.0E+01 
Kf2/Kf1 


Figure 6b. Volume vs. K;/K4. Side One Surface 3/16-11.1: b;/b, 2 1.3 
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Figure 6c. Volume vs. K,/K,. Side One Surface 3/16-11.1: b,/b, = 1.6 
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Figure 6d. Volume vs. K,/K,. Side One Surface 3/16-11.1: b,/b, = 1.9 
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Figure 6e. Volume vs. K,/K,. Side One Surface 3/16-11.1: b,/b, = 3.0 
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5 CONCLUSIONS 
Based on the data from Table 3 as plotted in Figure 6, a trend emerges which can be 

developed into a set of criteria for selecting the pair of "ideally designed" surfaces for 

minimum heat exchanger core volume. For given operating conditions, the heat exchanger 

core volume will be minimized by following the below steps: 

1. Choose the most narrow plate spacing for the high pressure side (side one) based on 
constraints such as fabrication difficulty, fouling, etc. 

2. List all other available surfaces with plate spacings nearly equal to the high pressure 
plate spacing (i.e. those with b,/b, = 1.0). 

3. Select from this list the surface for side two which minimizes the ratio K,/K,, and 
maximizes the ratio K;,/Kj,. 

However, for real surfaces, parameters such as K, and K, are not readily known. For this 

reason, the third step should be: 

3. Select from this list the surface with the minimum hydraulic diameter for use on side 
two. If more than one surface meets the above criteria for side two then an interrupted 
fin surface will generally result in a smaller heat exchanger core volume than a 
comparable continuous fin surface. 

If this three step procedure for real surfaces had been followed for the operating conditions 

from Section 3 and if no cleaning or fabrication constraints were imposed on the plate 

spacings then this procedure would result in selecting the identical surface pair that results in 


the minimum heat exchanger core volume. 
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APPENDIX A 
Contained in this appendix are plots of j, and f, versus Reynolds Number similar to 
Figure 4 of the report. Each plot shows the actual data points and a line with slope equal to 
-0.46 through the points. Also shown is the average error between the data points and the 
line for each data set. 
The average error was determined by finding the absolute values of the differences 
between the data points and the line. These absolute values were expressed as a percentage 


of the actual j, or f, values and then averaged to find the average error for each data set. 
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APPENDIX B 
Contained in this appendix are tables similar to Table 3 for each of the 26 K-L surfaces 
examined in this study. Each table is for a specific surface on the high pressure side (side one) of 
the heat exchanger. This surface is paired with every other surface and the resulting volumes are 
tabulated. The operating conditions are the same as those previously specified in Section 3 of 


the report. 








Table B-1. Side One: 1/10-19.74 


Surface 4r, Volume 
Designation (ft) (ft^) b K „/Ё 
































possr — | oo: | 1507 | ба | 658 | 76 | 
62 | 0080 | 641 | во | 105 | 079 | 
95 









148 
3.01 
| 001522 | 10568 | 162 | 248 


[332-1222 | 00120 | 3054 | 96 | 442 | 1047 | 
4 | ча | 
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Table B-2. Side One: 1/10-19.35 






110493 | 000460 | 128 | 10 | ко | 100 | 
І рони _ | 000397 li | 
38-111 | 00102 | 178 | 33 | 166 | 224 | 

















| 6 
3/32-12.22 0.01120 6 7.79 
0.02820 10.0 1.06 


3 
ЕСЕН 
| m= 
0 | 004740 | 15752 | 100 | 074 | 050 
01 | 100 | 


5 
2 


0.84 
9.03 2.29 


1.68 
: 5 : 
1.0 


Жы» 
© 
- 
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Table B-3. Side One: 1/9-24.12 


Surface Ar, Volume 
Designation (ft) (ff) h КК, К/К, 











110-1935 | 000460 | 909 | 10 | os | 060 | 
192412 | 000397 | 910 | 10 | 100 | 100 | 
Ел | ою: | 187 | 33 | 106 | 092 | 
Ши | ошо | 247 | зз | on | ол | 


ШОО | 00102 | 1909 | 33 | 105 | 092 | 
139.5 
2348 
0.35 

Шо | 0053 | 2926 | 64 | 156 | то | 






20 | 004740 | 17522 | 100 | 06 | 030 | 
злі | оо | 13319 | 100 | 077 | 051 | 
ANA A 135” 
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Table B-4. Side One: 3/8(b)-11.1 


Bim | | Ye | e [se Im 
Designation (ft) (ft^) b/b К./К, Кр 

[1710-1935 | 0.00460 | 3780 | оз | os | 046 | 
346-111 | 0.01012 | 4196 | 10 | 079 | 070 | 
1477 | 000848 | 4548 | 13 | 093 | 020 | 
62 | | (| 0201820 | 8196 | 16 | 039 | 027 | 
Esos | ойы | 559 | 17 | ов | об | 
EE |1 00206 | ов | 19 | sy | оз | 
mu) | oonss [| 4528 | 19 | 117 | 06 | 
> | бї | 5299 | 19 | те | 355 | 
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Table B-5. Side One: 3/4-11.1 


Designation | ation Р | US b,/b 
ШЕ "| ото. |25221 1%” |7067 | 051 | 
340-111 | сой? | 4793 | 10 | 099 | 100 | 
Jag; | 0.00848 | 5149 | 13 | 116 | 129 | 
ЖЕЕ ШИ ТО 7021 | 19 | on | 94 | 
паца) | 001153 | sos | 19 | 147 | 110 | 
[332-1222 | 00120 | 6085 | 19 | 208 | 509 — 
A O 
E | 
ers] 
US 































ost [ezo | 


0.03546 112 
0.01522 1010.9 
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Table B-6. Side One: 3/8-11.1 






[110-1935 — | 000450 | 3731 | оз | ово | 045 | 
Шыл: | 00012 | 3908 | 10 | 0% | 098 | 
Barri | 001012 | 4125 | 10 | 075 | 06 | 
эл | 00112 | 3891 | то | ко | 100 | 
рлепі | 002 | 3994 | по | го | 125 | 
susc we q was й 035 l 
Em | 001012 | 4065 | 10 | 085 | ово | 
1477 | оо | 4512 | 13 | 01 | 088 | 
59: | оомо | 3364 | 14 | 243 | 253 | 
158 | 0096 | 5126 | 17 | 082 | об | 
ES" 3р 002016 | 6551 | 19 | 056 | 027 | 
8821222 | 00150 | 5252 | 19 | 163 | зав | 
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Table B-7. Side Опе: 3/16-11.1 


Designation (ft) (ft?) b. KK. K. 
и. 0.78 
ALI 0.55 

3/8-11.1 0.80 


| 0.28 





| 
| ові | оба 


ЕСЕ | 
Па 
Warma 
ЕМЕ 1 
= 
U21L1 — | 002 | 3944 | 10 | 
шо Р обі | 4040 | 10 | ом | 055 
"= 
LESEN 
БЕРЕН 
БЕГЕН 
ET 
E 
ET 


1/8-16.12T 0.00514 3.56 
14.77 0.00848 0.70 


2 == == n ames 

2 Ë = % | £ | o 
~ - 

a 2 = 

= — — 
— = 
= ка 


| 000401 2.03 
1/6-12.18D | 0.00885 1.27 





13 

1.3 

1.4 
021 
17 3.09 
17 231 
Шеі52 | оюев | 4290 | 17 | ни | 322 | 
шие | oonss | 4392 | 19 | 109 | 060 — 
[332-1222 | 0.01120 | 5093 | 19 | 155 | 276 
20 | ooo | 1319 | | 
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Table B-8. Side One: 11.1 























лепа | 0012 | 6246 | 10 | 137 | 279 | 
В: (| 00012 | 603 | го | 150 | 195 | 
эл | 001012 | 6239 | 10 | 190 | 285 | 
Виена | 0002 | 6474 | 10 | 20 | 357 | 
ШЕ | | 002 | 6534 | 10 | їй | 100 | 
шие | оо | 671 | 19 220 | 21 — 
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Table B-9. Side One: 1/2-11.1 






24. 0.93 
f8(b)-11.1 123 
(4-111 0.85 
8-11 125 
п. 1.56 
[ 001012 | 5065 | 10 | 062 | 044 
| 
| к 
| 
| 





+ 


= — No 

— z 5 
— 

3 = = 
— ~ 


12-111 Leg 
3/4(b)-11.1 | 091 | 046 
1/8-16.12T 5.57 
14.77 1.10 
30. 3.17 
62 | 001820 | 8486 | 16 | 045 | озз | 
158 | 90087 | 585 | 17 | 096 | 075 | 
53 | 002016 | 6848 | 19 | 065 | ом | 
fuc) | ой: | 4855 | 19 | 135 | 094 — 
[01 | 003546 | 11425 | 30 | 066 | 047 | 
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Table B-10. Side One: 3/4(b)-11.1 


ана: | Й обо | 492 | 10 ј ш ј ко | 
ШЕНІ | шоо | ао | wo | 136 | 18 1 
AA O |788 
зды | ото? | 4828 | 10 | 100 | 100 | 
1/8-16.12T | 0054 | 4729 | 13 | 32 | 652 | 
14.77 | 000848 | si84 | 13 | 117 | 129 | 
зоззт | оомо | 4158 | 14 [| за | зи | 
16-12180 | 0.00885 | 4609 | 14 | 193 | 232 | 

| | 0201820 | 8702 | 16 | 050 | 038 | 

| ШЕ ss | 
| ШЕШЕ 






17.8-3/8W 
11.44-3/8W 


C 
~ 





1.3 

1.3 

1.4 

1.4 

177 

7, 
1/8-15.2 
15.08 
E 0.02016 
11.11) 
3/32-12.22 
97 


in 
~, 






| 
| | 003546 | 11606 | 


© |чә [кә [ш 
© | о | Ф | ФО 
زرا‎ | ~, 
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Table B-11. Side One: 1/8-16.12T 


Surface 4r, Volume 
Designation (ft) (ft) b./b к/к. Kg 





























[СОН | ошо | 3074 | оз | оз | 022 | 
346-і | 0.012 | 3095 | 08 | 042 | 028 | 
ші | 0.012 | 495 | 08 | 02 | ов | 
коша | 0010122 | 324 | ов | ом | 018 | 
J | 001012 | 3436 | ов | 031 | 015 | 
08-16127 1 000514 | 2528 | 10 | 100 | 100 | 
[ue-218D | 000885 | 2946 | м | ово | 036 | 
62 — | ooo | 8020 | 13 | 015 | 00 | 
[18-152 | 0.0088 | 3256 | 13 | ош | os | 
ЕЕ. „| бш | шз | 15 | 022 | со | 
20 | ошмш | 1398 | 24 | 08 | 00 | 
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Table B-12. Side One: 14.77 


Surface | 4n Volume 
Designation (ft) (ft^) b./b K, | KyKy | 










110-1935 | 000460 | 6503 | 02 | 066 | osi | 
19-2412 | 000397 | того | 02 | 081 | 084 | 
380-111 | oo | 5861 | оз | 108 | ги | 
4-111. — | 0.0102 | 6024 | ов | 086 | 078 | 
Вит | ошо? | 5847 | оз | ко | ra | 
БОШ | 00112 | ємо | ов | 116 | 142 | 
Ши 1 ою? | 6563 | 08 | 058 | 040 | 
12-41 | 900112 | 595 | 08 | 094 | 091 | 
370-111 | 001012 | 6067 | 08 | 085 | 078 | 
Lus&-1612T | 000514 | 6051 | 09 | 225 | 507 — 
14.77 


[15.8 | 0096 | | 13 | озо | ов — 
3.01 _ 0.43 
9.03 1.16 
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Table B-13. Side One: 30.33T 






1/9-24.12 
3/8(b)-11.1 0.01012 0.40 
3/4-11.1 
3/8-11.1 
BT | odi | 2577 | оо | ro | 176 | 
EN onto | Б> | 12 | 0 | 010 | 
pr | сето | 13274 | 22 | ов | oo | 
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Table B-14. Side One: 1/6-12.18D 


Peco | а [WE ue | као | киле | 
Designation (ft) (ft^) b K, __ Кука | 
[110-1974 — | 0.00400 | 5849 | 01 | 025 | 021 | 
380-111 | 001012. | 4546 | ол | oss | 062 | 
ШЕТІ (іг | 550 97 | 1035 | 022 | 
1846127 | 000514 | 4274 | 09 | 167 | 281 | 
ШЕ” | 008 | 5155 | 09 | 6: | 055 | 
3033T — | 000401 | 3766 | 10 | 162 | 160 | 
1/6-12.180 | 00085 | 4370 | 10 | 100 | 
0.17 
2.44 
1.82 
255 
038 
0.17 










047 

[332-1222 | 0.01120 | 589 | 14 | 109 | 

0.30 

0.14 
0.24 

[ 001522. | 10108 | 23 | 061 | 


2.20 


0.64 
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Table B-15. Side One: 6.2 

















вын | 001012 | 17054 | 06 | 254 | 374 — 
эні | 001012 | 17083 | 06 | 258 | 382 | 
Pisin) общо | 1192 1 06 | 23 | 4% | 
po" | соба | 1553 | ве | 136 | їз | 
Во | 0.01012 | 16755 | 06 | за | 305 | 
261 
17.00 
14.77 3.35 
і 9.67 


m 
© 
درا‎ 
9 
=) 


E 
| | 08 | 
| ЕЛІДЕЙ NS 
/6-1218D | 000885 | 16685 | 09 | 387 | 6.05 
1.00 
| | 
| 


с 
~ 


17.8-3/8W 0.00696 14.76 
11.03 


11.44-3/8W 0.01060 1878.3 


1/8-15.2 0.00868 1977.7 15.40 
15.08 0.00876 1555.7 


5 


3 
11.11) 


3/32-1222 


о 
© 
~ 
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Table B-16. Side One: 17.8-3/3W 


BT Dm „Го. 
Designation (ft) (ft) b __ К _ | Ko =| 
19-3412 | 0097 | 4518 | 02 | оз | 019 
380-111 | 00102 | 4317 | 06 | 043 | 025 
аа | 001012 | 4659 | 06 | 034 | 018 
3/8-11.1 | 001012 | 4292 | 06 | 044 | 026 
ШО | 00012 | 4382 | 06 | 046 | 032 
| 
De 















0.09 
1/2-11.1 0.21 
3/4(b)-11.1 
110 | 145 
E | 000848 | 4983 | оз | 040 | 023 | 
30337 | 00001 | 3367 | 08 | ко | 06 | 
[16-12186 __| 00085 | 4069 | 09 | 056 | osm | 
178-384 | 0.0066 | 446 | 10 | ко | 100 | 
5.3 
332-1222 | 0020 | 524 | 12 | 072 | 090 | 
EX loo око | їв шох | со 1 
20 | 0.04740 | 14373 | 18 | 020 | 006 | 
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Table B-17. Side One: 11.44-3/8W 






[10-1974 — | 00000 | өл | о | 022 | ол | 
ів | 0002 | зиз | 06 | 058 | 034 | 
[4-111 | 0010012 | 5406 | 06 | oas | 024 | 
ВЕШ олоо | sou | oé || os» | 035 | 
КЫШЫ | 0.012 | 5224 | 06 | 062 | 043 | 
pu Û Dae | во | úe || ови | в» | 
Кеш [| йш | 5325 | 06 | 050 | 028 | 
iii | 001012 | 5453 | 06 | 046 | ом | 
кшт | 000514 | 479 | ов | 147 | 154 | 
47 | оюмв | 5714 | 08 | ом | 030 | 
ES | оми | «208 | os | 143 | 088 | 
62 | 001820 | 10106 | 10 | оз | 009 1 
158 | 000876 | 6308 | 10 | oas | ozn | 
EE З освоїв | тов | їп || ves | ко | 
352-1222. | 00120 | 6332 | 12 | 096 | 120 | 
397 | | 002820 | 10457 | 18 | 042 | 046 | 
20 | со | м | 18 | 06 | 008 | 
A MA ыш бї | | оз | 
































82 








Table B-18. Side One: 1/8-15.2 


| 
Designation (ft) (ft?) b K. | К; 
8-111. | 0.01012 | 466 | 06 | 049 | 024 | 
Pi | 00102 | 4950 | 05 | 09 | от | 
38-1 | 001012. | 4613 | 06 | 050 | 025 | 
[16-111 | 001012 | 4719 | 06 | 052 | 031 | 
j. особа | | о26 | одо | 
папа | 001012 | 4865 | 06 | 042 | 020 
шыла | 001012 | 5006 | 06 | 039 | олт 
1/8-16.12T | 0.00514 | 4194 | оз | 124 | 1.10 
| | 0.00848 | 5279 | 08 | 045 | 022 
| | 
BE CE 
E ee 














wo | 一 Y 
софы 
Фа 
ف | دی‎ 

= 


| 0:63 

1/6-12.18D 0.39 
[44-8 W | 001060 | sor | 10 | 08 | ог | 
[15.8 | 00086 | 5931 | 10 | 040 | 015 | 

Шо | oos | 5054 | 12 | ш | ло | 
3/32-12.22 
| 
| 

| Eus Te 







м [ә 
eto 
~ 





| 20 | 
3.01 


o 
© 
о 
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Table B-19. Side One: 15.08 






[ООШ | ошо? | 8889 | 06 | 121 | 16 | 
3-111 | ooo | 8925 | 06 | 096 | 115 | 
38-1 — | 001012 | 8882 | 06 | 123 | 168 | 
i611: — | 001012 | 9227 | 06 | 129 | 210 | 
ші | ооо | 902 | 06 | 064 | 05 | 
Ша | ою | 8959 | об | 105 | 14 | 
рив-1612т | 000514 | 9656 | оз | 307 | 748 | 
[i477 | 000848 | 934 | 08 | 112 | 147 | 
E | 000401 | 8270 | 08 | 298 | 45 | 
64121480 | 00085 | 867 | os | 184 | 26 | 
ВЕ | кою | 99) і9 | ол | 048 | 
17.8:3/8 | 000696 | 9397 | 10 | 280 | 649 | 
845: | 0.00868 | 9924 | 10 | 24 | 677 — 
1508 — . | 000876 | 9285 | 10 | 100 | ко | 
97 — | 0.02820 | 13008 | 18 | 088 | ово | 
po | 004740 | 16570 | 18 | 055 | 038 | 
301 | 003546 | 15069 | 18 | сою | сез | 
0.01522 
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Table B-20. Side One: 5.3 








110-9744 | 0.00400 | 25866 | 01 | 066 | 121 | 
88-11 | 001012 | 15201 | 05 | 180 | 36 | 
"іо | 001012 | 15900 | 05 | 190 | 458 
11.1 1452.7 1.28 
1/2-11.1 2.92 


(9 
~ 
Ld 
СА 
— 
— 
— 


(9 
~ 
ы 
— 
= 
~ 
— 
— 
= 


| 001012 2.50 
1/8-16.12T 0.00514 17673 16.30 

| 164 | 321 
2: 0.00401 1492.8 927 


14.77 0.00848 1473.8 
1/6-12.18D 0.00885 


TT 
ШЕСИ 
[997] 
EU 
BEE 
ЕЕ 
ЕСІНЕН БЕЛЕ ЕТ» 
17420 | 09 | 0m _ 
178-38W | 00066 | 16455 | 09 | 
ERE 
И 
ЕНЕ 
| to | 
БЕКЕН 










СА 4‏ 
= ~ 
در 
درا 
= 


14.15 
10.57 


11.44-3/8W 0.01060 


1/8-15.2 0.00868 14.76 


15.08 0.00876 


UA 
Uy 


05 

03 

0.5 

0.5 

0.7 

0.7 

0.7 

0.9 

0.9 
1.00 
ина) 274 
3/32-12.22 12.72 
174 
0.82 


~ 


2.18 


о |» 
Фро 
~ 


1.38 
3.74 
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Table B-21. Side One: 11.11a 






[110-1974 | 000400 | 12699 | 01 | 032 | 044 | 
[110-1935 _| 000460 | 10175 | 02 | 052 | 060 | 
[19-2412 | 000397 | 1038 | 02 | 064 | 09 | 
Зен | 00102 | 8348 | os | ов | го | 
Вива | | | 05 | ом | 167 _ 
ьо [| 001012 | 8404 | 05 | 067 | 091 | 
E» — (| oom | тов | ов | ом | 035 | 
пазат | 00066 | 8361 | 09 | 198 | 517 | 
8452: | 00088 | 8891 | 09 | 175 | 59 | 
848 | 000876 | #805 | oo | 07 | ово | 
„лика | 001153 | 7790 | 10 | ко | 100 | 
20 | бб | 1654 | 16 | 039 | озо | 
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Table B-22. Side One: 3/32-12.22 










[110-1974 | 00000 | мы | от | оз | ою | 
[8-111 | 00102 | 6435 | 05 | 060 | 028 | 
0.20 
84612171 | 000514 | 6246 | 06 | 153 | 128 
14.77 0.25 
0.73 
07 0.46 

0.9 

1 

1 














> 
e 
[99] 
[89] 
_ 


1/6-12.18D 


6.2 0.01820 1153.0 0.08 
17.8-3/8W 0.00696 1.11 


кою ا‎ 
[08 | 
ШЕ Y 
1144-/8W | 001060 | ва | 09 | 104 | 083 
18-152 | 00068 | 6822 | 09 | 123 | 
EE А 
| to | 
МЕСЕ 
ESUES 
NECEM 







Bo. | 0.17 
53 0.08 
ТЕПСЕ 0.22 
3/32-12.22 1.00 
3.97 5 0.14 
20 

1 5 


301 035 | ош 
0.29 







9.03 
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Table B-23. Side One: 3.97 







0.94 
192412 | 000397 | 45036 | 01 | 103 | 156 
2.06 
144 
211 
2.63 


= 
= 
— 


3/4(b)-11.1 0.01012 25193 1.44 


ДЕА 0.01012 2558.5 ШЕ | 
1/8-16.12T 0.00514 3038.4 


9.38 


1.85 


m 
ВЕКЕ 
a 
ЕНЕ | 
БЕРЕН 
[ 00102 | 2401 | оз | олз | 07 
s 
NECEM 
| 04 — 
| 04 | 
Fuss 
m 


0.1 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.4 

| 0.4 

0.5 | 

1/6-12.18D 0.5 3.33 

| 0.55 

17.8-3/8W 8.14 
0.6 





Qu о | 一 

һә © | + 
мод | ~ 
~) | ~ 
= 


11.44-3/8W 
18-152 | 000868 | 28089 | 06 | га | 849 | 
15.08 [ 000876 | 22074 | 06 | 114 | 125 | 
53 
0.01153 
20 | одао | 2710 | 10 | 062 | 047 | 
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Table B-24. Side One: 2.0 


а Tot, 

Designation (ft) (ft) b,/b КК, Ко 

1/10-19.35 1.99 

1/9-24.12 | 166 | 330 

3/8(b)-11.1 4.37 
| 001012 | 4094. 


0.01012 3.04 





| 
И 
-11. 446 
3/16-11.1 5.58 
Ia 1.56 
| 
3/4(b)-11.1 3.05 
1/8-16.12T 
| 
0.33T 
1/6-12.18D 4062.4 7.06 
1.17 
17.8-3/8W 
|1.44-3/9"W | 001060 | 44543 | 06 | 382 | 1288 | 
re | 3483 | 06 | 18 | 266 | 
332-1222 | 0.0120 | 45242 | 06 | 3.67 | 1550 — 
Eu | оо | зз | 10 | що | 100 | 
ЕЙ 00545 | 3599 | 10 | 127 | 168 | 


19.86 
3.92 


y 0.01012 4204.7 3.56 
11.29 


"I es 
s © | R 
ч 
~J — | — 

— | — 
|| pama 


СА 
~ 
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Table B-25. Side One: 3.01 






170-1935 — | 000460 | 52770 | ол | 16 | 118 | 
19-2412 | 000397 | soso | 01 | 130 | 156 


> 
~ 
oo 
一 
т 
~ 
= 
— 
— 


2-11. 212 

| 0010012 | 31850 | 03 | 

1/8-16.12T | 0.00514 | 39794 | 04 | 

14.77 | 000848 | 30316 | 04 | 
O 
Lat 
BES 


/4(b)-11.1 


1182 
[18 | 233 


L1 | 0.01012 | 33282 | оз | 173 | 260 
suit | ooo | sisi | 03 | 139 | га 
эні | 001002 | 33366 | 03 | 176 | 26 

ші | 001012 | 35066 | 03 | 186 | 332 

| ooo | 29810 | 03 | 0593 | 093 
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1/8-15.2 10.70 
15.08 1.58 
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Table B-26. Side One: 9.03 


ера Кеј Го ок 
Designation (ft) (fF) b i u$ RE 
110-1935 | 0.00460 __| 37037 | 01 | 066 | 044 | 
192.12 | 000397 | 41253 | 01 | os | ол? 
0.96 
0.67 
0.98 
1.22 
0.34 
0.78 
1477 | 000848 | 22428 | 04 | 09 | 086 | 
53 | | | 00016 | | ое | об | 0.27 | 





397 | | | 9080 | 2312 | 09 | 078 | 047 | 
po | 004740 | 2739 | 09 | 049 | 022 | 
зі | | 003546 | 25724 | 09 | 062 | 037 | 
puc os | 24957 | ко | то | 100 _ 
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